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o

STABILITY CEARACTERISTICS OF A MODEL EQUIPEED
WITH A VARTABLE-SWEEP WING

By Charles J. Donlen and William C. Sleeman, Jr.
SUMMARY

An investigation has been made to determine the longltudinal
stability characteristics of a complete model equipped wlth a variable—
sweep wing at angles of sweepback of h5°, 30°, 15 s and 0°. The
investlgation was directed toward the study of varlous wing modlfications
and. an external—flap arrangement desligned to minimize the shift In neutral
point accompanying the changs in sweep angle..

The results indicated that stabllity at the stall was obtalned at a
. gweep angle of 15° without recourse to stall-control devices. The basic
= neutral—point movement accompanying the change in sweep angle from h5
N to 15 amounted to 56 percent of the mean aerodynamic chord (at zero sweep
angle) and the most.effectlive modification investlgated only reduced this
- change to W7 percent of the chord. It appears, therefore, that for designs

’,. in which the fuselage 1s the major load—earrying element some relatlve move~

ﬁf' ment between the wing and center of gravity will be required to assure
o x gatisfactory stabllity at all sweep angles. .

INTRODUCTION

Thne use of swept wings on high-—speed airplanes has introduced serlous
longitudinal— and lateral-steblllity problems at low speeds. Many high—
1lift and stall—control devices heve heen lnvestigated in an attempt to
improve the low—speed characteristics of highly swept wings but no com—
pletely satisfactory solution has been found. One obvious msthod for
avoiding the low-spesd problems assoclated with highly swept wings
would be to employ a wing whose sweed sngle could be varied in flight.

“Thus, for maximum high-speed flight and optimum cruising performance,
the wing could be adjusted to any desired sweep angle; whereas, for the
lending condlition, the sweep angle could be decreased to an angle that

1 would assure satlisfactory low—speed characteristics without recourse to
stall—control devices.

- The present paper presents the resultes of a wind—tunnel investigation
- of a complete model equipped with a wing whose sweep angle could be varied
for the purpose of studying various wing modifications designed to decrease
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the large forward movement of the neutral point that was found in
reference 1 to accompany the decrease in sweepback. Much of the basic
data 1s presented in reference 1 but in that paper the pltching-moment
coeffliclents are based on the mean aercdynemlic chord assoclated with
each sweep angle and the sssumed pltching-moment reference axis was

at 25 percent of the mean aerodynamic chord for each sweep engle. In
the present paper a common chord amd common reference axis were used
in computing the pitching-moment coeffliclents for all sweep angles
investigated. '

COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA coefficlents
of forces and moments. Pltchling-moment coefflcients are given about the
center—of—gravity locatlon shown in figure 1.(25 percent of the mean
aerodynamic chord at 0° sweep). The data are referred to the stability
axes; the positive directions and angular displacements are shown in

figure 2.
The coefficlents and symbols are defined as follows:

Cr, 1ift coefficient (Lift/gS)
.
CLo tall-off 1ift coefficient
Cx longitudinal—force coefficient (X/gS)
Cm. pltching-moment coefficilent (M/gSc!)

free—stream dynsmic pressure, pounds per square foot (pVS/2)

s wing area without cutout, square feet (varies with
angle of sweep)
S horizontal—tall area, square feet
c * airfoll section chord, feet
ct - wing mean serodynsmic chord (1.181L £t for A = 0°)
Cy wilng tip chord measured parallel to plane of symetry, feet
Cp, wing root chord at plane of symmetry, feet

wing span, feet

v alr velocity, feet per second

T by
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Ne) mass density of air, slugs Der cubic foot

a angle of attack of fuselage cemter line, degrees

A eangle of sweepback of quarter—chord line of wilng, degrees

e downwash angle, degrees

i-b angle of stabllizer with respect to fuselage center line,
degrees

S wing teper ratio (c-b/cI)

5p flap deflection, degrees

n, tail—off aerodynamic—center location, percent wing mean
serodynamic chord for A = O°

nl’ neutral—point locatlon, percent wing mesan aerodynemic chord

for A = 0°

MODEL: AND APPARATUS

The model used in this investigation (fig. 1) had wing penels which

could be rotated ebout a point on the guasrter—chord line to angles of
sweepback of 45°, 30°, 150, end 0°. At 45° sweep the wing tips were
parallel to the plane of symmetry. The geometric characteristics of the
model are tabulated In teble I. The model 1z shown mounted on a single—
support strut in the Langley 300 MPH 7-— by 10—Ffoot tunnel in figure 3.
Details of the wvarlous wing modiflications investigeted are given in
figure 4 and tadle I. Photographs of the model with the external air—
foil flaps installed (Sf 11-00) are presented in figure 5.

Structurel limltations of +the model wing determined the maximum
chordwise dimensions of the cubtout which was completely enclosed. wlthin
the fuselage -at 45° sweepback.

TESTS
Test Conditions
The tests were made at a dynamic pressure of 30 pounds per squarse
foot, which corresponds to an alrspeed of about 108 milles per hour. The

test Reynolds number was epproximstely 1.2 x 10° besed on the wing
chord of 1.181 feet (ct! at A = 0°). The degree of turbulence of the
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tunnel is not known, but-is belleved to be small because of the large
contraction ratio (14 to 1).

The aerodynamlic coefficients for all configurations were based on
the wing area wlthout cutout. Allopitching—moment deta were bhased on a

chord of 1.181 feet (c?! &t A =

Correctlons

The data have not been corrected for tares caused by the model—
support system inasmuch as, with the arraengement used, the tares are
belleved to be small., Jet—boundary corrections have been applied to the
angles of attack, the drag coefflclents, and the tall-on pliching-moment
coefficlents. The corrections were computed by use of reference 2, which
unpublisged calculations have indlicated toc be satilsfactory for sweep angles
up to 45

All forces and mcments were corrected for blocking by the method glven
in refereonce 3. An increment of longltudinal—Fforce coefficlent has been
applied to account for the horlzontal buoyancy.

RESULTS AND DISCUSSION

The basic aerodynamic characteristice of the model are presented in
figures 6 to 9. The longitudinal-gtability pasrameters are presented in
flgures 10 to 15. For convenlent reference, an outline of the summary
Pigures presenting the resulis ie glven as follows:

Figure

Varisble sweep:
(2) Bffect Of SWOOD « o o ¢ « o o « s o o o o a o« o o « o o o o 10
(b) Bffect of falred cutout « « « ¢ o ¢ o ¢ o o« ¢ « « « 11, 12, and 13 °
(c) Effect of vertical location of
horizontal tail . . . . . . 12(a), 12(b), 12(c), 12(d), and 1%

Modifications to model with 15° sweep:
(a) Basic tell position

l. Effect of cutout profile and 8126 « « « o « « « « ¢« o« 12(a)
2. Effect of flap deflectlon « « o « « « « ¢« o o ¢« o o« » 212(c)
3. Effect of Sh&rp lead.ing edgeo s & & e o o & ¢ e e o o 12(9)
L, Bffoct of Wing vane « + « ¢ « « « ¢« o« o « = o o ¢« « o 12(F)

(v) Alternate ‘tall position
1. Effect of falred cutout + « « « « s o « - » » « 12(c), 12(4)
2. Effect of flap deflection . « « « « « « « ¢ o« o « o« o 12(4)

Comparisdn of basic configuration with most favorable
modifications [] L] L) . . L] L L] * o L] . L] L) . - . L] L . . Ld L] L 15
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Basic Conflgurations

. Effect of sweep angle, wing without cutouts.— The destabilizing

movement of the neutral—point location as the wing sweep angle was
decreased emounted to about 2 percent of the chord (¢! at A = 09) per
degree change in sweep angle (fig. 10). Inssmuch as the paramsters
affecting the tail contrilbutlon t6 stability show relatively minor
varlatlons wlth sweep angle, it would appesar that the shift in neutral
point is primerily assoclated with the geometric movemsnt of the wing—
aerodynamic—center position as the wing 1s rotated. Up to about 35° of
sweep angle the experlmental rate of variation of neutral point with
sweep angle is in good agreement with that estlimated from the simple
geomstric consideration that the centrold of 1lift on each wing panel
acts at 25 .percent of the mean aerodynamic chord of the w:i.ng at each
sweep angle.

For the 30° and 1!-50 sweep configuratlons, an unstable variatlon of
pitching—momsnt coefficilent with 1ift coefficlent at the high 1lift
coefficlents i1s indicated (figs. 8 and 9); whereas, for O° and 15° configu—
rations, stable pitchlng-moment characteristics were obtained In the
vicinity of the maximm 1ift coefficlent.

Effect of sweep angle, wing with failred cuboub.— If a cutout is

allowed to develop at the juncture of the wing—root trailing edge and

the fuselage as the wing sweep angle 1s decreased (figs. 1 and k),
significant cheanges in the stebllity characterlistice exhibited by the
model can occur. It was anticipated that the cutout would move the wing-—
asrodynemic-center position forward someswhat but that the downwash fleld
in the vicinity of the horizontal tail would be changed 1n such s menner
thet the over—all stability of the model would be increased. The extent
to which these effects were manifeated at various sweep angles 1is indi-—
cated In figures 11 to 13. .

A study of these data Indicates that the faired cutout afforded
somswhat greater stabillty than the configuratlons having no cutout but
the over-all effect on stabillty is emall compared to the large changes
produced by the geometric movement of the wilng smerodynamic center. The
effects on the stebllity parameters were greatest at 0° sweep and decreased
as the sweep angle was Increased. The tall contributlon to stability at
sweep angles of 0° and 15° was increased consilderably because of favorsable

- flow changes at the tail but this beneficilal effect was partially cancelsd

by the forward movement of the wlng aesrodynesmic center caused by the
cutouts,

The effect of the falred cutout on thse neutral—point position for all
sweep angles 1s summerized in figure 15.
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Effect_of m,r_t' ical location of the horlzontal tail.— Decreasing the
helght of the horizontal tail above the wing from the basic positlon to
the alternste position (fig. 1) showed little effect on n, for the

configurations investigasted (fige. 12(a), 12(b), and 1l4). The stability
was sllghtly lower at the higher 11ft coefficlenta with the tall in ths
alternate positlon owing mainly to a less favorable downwash gradient.

Modifications to Model with 15° Sweepback

Inasmuch as the conflguration with 15° sweepback possessed favorable
gteblility characteristics at the stall, this configuration was adopted as
the baglc low—speed.arrangement and verlous modiflcations were lnvestigated
in an attempt to reduce the large (0.56c!) besic shift in neutral point
accompanying the reduction in sweep from 45° to 15°.

Effect of cutout profile.—~ The effects of various cutout arrangements

are presented in figure 12(a)}. From stebility considerations, the falred
cutout appeared to be superior to the unfaired cutouts and thls arrange—
ment was used for the majority of tests wlth cutouts.

Effact of external alirfoll flaps.— In an effort to compensate for the

forward movement of the wing aerodynamic center caused by the cutout and

at the sams tlime Introduce a field of upwash in the vicinity of the cutout,
tests were made of & configuration employing essentlally full-span external
fleps (figs. 4 and 5). The results obtained for the varlous arrangements
tested are presented in figures T(c), 7(d), 12(c), and 12(d)}. A comparison
of these results with those for the configuration without flaps (figs. 7(a),
7(b), 12(a), end 12(b)) indicate that the flap caused an gdditional rearwerd
movement of the neutral point of only about 0.02ct (A = 0°). The flap
arrangement which wes used in thilg investigatlon was not a particularly
effectlive one, however, es is indicated by the rather low 1lif't and
pitching-momsnt increments produced by the flap. (Compare figs. T{(a)

with 7(c).) It 1s possible that, with a well-designed extensible—slotted—flap
arrangement, the resrward neutral—-;point movement resulting from the
deflected flap for the configuration with the wing cutout would be consid.ex\—
ably incressed.

Shar ad. edge wing vane.— Several sharp—leading—edge sectlons

and wing vanes mounted on the inboard sectlons of the wing panel were
investigated in an attempt to reduce the 1lift on this portion of the wing

and thereby increase the stability by reducing the downwash gradient.

None of these modificetions changed the stabllity characteristics appreciably.
Typical results obtained with the sharp leading edge and wing vene are
presented in figures 12(e} and 12(f).
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Deslign Considerations

The variation of the static longitudinal stabllity characteristics
with sweepback and model conflguratlon 1s summarized in fligure 15. It
is evident that a combination of cutouts and flaps cen 2aid 1n minimizing
the forward neutral—polnt movement as the sweep angle 1s dacreesed
to 15° but that translstion of the wing is required to compensate for the
grester portlon of the neutral—polnt movement. For the sweep range
Investigated it would be necessary to translste the wlng rearward.
roughly 0.5¢t (A = 0°) as the sweep angle 1e decreased to 15° in order
to maintain a constant location of the nsutral point. It is probabls
that a sweep angle greater than 15° (but less than 30°) would be satis—
factory from low-speed stablllity conslderatlions. If, for a particular
design, the extent of longitudingl wing translation 1s limited, the
maximm sweep angle for which adequate low—speed stablllty character—
istics are attalinable should be determined from wind—tunnsel expsriments.

Although the Incorporation of a wing capable of treunslstion as well
as rotation affords formideble structural problems, the potential aero—
dynamic rewards incldent to theilr solution are significant. The abllity
to adjust the sweep angle 1n £light not only makes it possible to utilize
the most effliclent sweep angles for high speed and crulsing performance
but assures stabillty in the landing configuration without recourse to

slots or other stall-control devices. The more efflclent moderately
swept highern-aspect—ratic wing used for the landing conditlon can also be
equipped with conventional high-1ift devices and thus provide minimum
landing speeds.’ The wing sweep engle could be adjusted in flight for
optimm cruilsing configuraetion, and for the highest sweep angles the wing
can be translated to compensate partly for the stability changes
usually encountered at the higher Mach numbers with swept wings.

Tt appears from low-speed stebllity data that the cutout formed at
the wing—fuselage Juncture as the wing is rotated forward is beneficial.
If high speeds are contemplated with Intermediate sweep angles, however,
model tests at higher Mach numbers will be required to evaluate the effect

.of these cutouts.

The amount of wing translation required 1s also depsndent on the mass
distribution of the airplane and the location of the wing pilvot polnt. Ths
welght of the wings, the locatlion of wing fuel tanks as well as fuel tanks

" in other parts of the alrplane, and the plan for emptying the fuel tanks

in flight must be considered i1n evaluating the stabillty of the airplane.

In the case of a variable—sweepback flying wing, for example, the center of
gravity would move almost as much as the aerodynamic center of the wing. A
study of the unlimited conflguratlons that could utilize center—of—gravity
movements created by expendable fuel and moving structural elements 1l1s,
however, beyond the scope of thls paper.
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CONCLUSIONS

The results of a low—speed wind—-tummel Investigatlon of a complete
model having a varisble—sweep wing which was tested at 45°, 30°, 15°,
and 0° gweepbeack indiceted the followlng conclusions:

1. Stabili-by at the stall was obtained for the configurstion
with 15 sweepback wlthout recourse to gtall-control devices.

2. The shift in neutral point as the sweep was varied from 45°
to 15° wes decreased from 56 percent of the chord (ct at A = 0°) in
the original case to 47 percent by the most effective combina’tion of
the modificatlions tested.

3. It seenms unlikely that satisfactory stabllity for all flight
condlitions can be achleved with a varlable—seweep wing wlthout recourse
"to reletive translatlon between the w:Lng and the center of gravity of
the airplane,

Lengley Aeronsubical Laboratory
National Advigory Committee for Aeronautics
Langley Ailr Force Base, Va.
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. TABLE I
; PHYSTCAL CEHARACTERISTICS OF TEE VARIABIE-SWEEP MODEL
‘ * .
Center of gravity, all sweep angles, percent chord (¢t at A = 0°) . 25
Wing: o : . '
ROO‘t and. -bip Sections @ & & w O 8 B ° ¢ B e e » NACA 651—3.10(8. = 1.0)
Incidence (root chord to center line of fuselage), degrees . . . . O
Cutout ares
Swzep, Ares Span c’ Aspect | Taper {sq £%)
(sq £8) | (£t) (£t) ratio ratio
(deg) | Faired | Large
(o} 8.67 8.35 | 1.181(c*) 8.0k 0.50 0.24 0.37
15 8.10 T.75 | 1.181 T.15 49 .16 .25
30 8.13 6.76 | 1L.181 5.62 A48 .06 .12
45 7.80 5.37 | 1.181 3.69 - A6 -——— ————
- Horizontal tall:
. Airfoil section s & L ] * - . L] - a -* - L L] o L] L] .- L3 L ] - -« NACA 65_008
- Total wea, sq. ft L] - . . [ ] - L ] L Ll L L - - L - L] . e L L] . - - 10625
'o_? Span, ft *« @& @ a & ¢ g & @ 6 * ¢ o & ¢ o ;‘ ¢ o e e o @& ¢ o o -o 2-85
ABPe c‘t rat io L ] - L] L4 . L L4 [ .. - - L - -. L] . - - L] L] LJ L - L L 5 - 0
Taper ra-bio . . L [ ] - [ ] - - - * L . Ll - L ] - . L ] L] L] - * L] - * [ ] 0050
. External airfoil flap: .
Alrfoll sectlon « ¢« ¢ ¢« o ¢ ¢ « @ I I 23012
SPaIl, _percent w:.l_'ﬂg Bpan a’t A = 15 « e @& € @ o ® ¢ e ¢ & @& o = 6"!‘.5
Chord, percent c'{A=0%) & ¢ ¢ v ¢ ¢ ¢ ¢ ¢ o ¢ o o o o'« o o« 141
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Figure 1,~— Drawing of variable-sweep model showing different sweep configurations and horizontal-tall
locations,
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Figure 2.— System of axes and control—surface hinge moments and
- deflections., Positive values of forces, moments, and angles
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moments and deflections are in the same directions as the
positive values for the control surfaces to which the tabs
are attached.
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Figure 3.— Variable-aweep model mounted on single—support strut in 300 MFH T— by 10-foot thmnel.
A = 45%; rear view,
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(a) Front view.

Figure 5.— Variable—sweep model mounted on single—support strut with
faired cutout and extermnal airfoll flaps. A = 15°.
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(b) Rear view.

Figure 5.— Concluded,
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Figure 6.— Aerodynemic characteristics of a variable—sweep model with
and without faired wing cutout. A = 0°. -



NACA RM 1gB18

2
S
4o 0
S
Qg - N -
5 32 NE
3 | 2N
g .
_ 2
% 4 )
§ 6 "; g No cutout : <
)
;S g %/Off fared cutout -0
n 3 S
Q A Fulo -3 ég
N
&
-/ E§
O §
g b
8\
B O
O]
® 4 e
N -

-4 0 4 S8 L2
Lift coefficient, &

(a) Basic tail position.

Figure T.— Aerodynamic characteristics of & variable—sweep model with
. and without wing cutouts, A = 15°.
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Figure T7.— Contimed.-
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(b} Altermate tail position.

Figure T.— Continued.
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Figure T.— Continued.
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Figure T7.— Continued.

(e) Sharp-leading-edge wing section.
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(f) Wing vane.

Figure T.— Concluded.
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Figure 8.— Aerodynsmic characteristics of a variable—sweep model with
and without faired wing cutout. A = 30°,
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Figure 9.~ Aercdynamic characterilstics of a variable sweep model with
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Figure 9.— Concluded.
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(2) Basic tall position.

Figure 12.— Longltudinal-stability parameters of a varisble—sweep model

wlth and wlthout wing cutouts,

A = 15°,
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Flgure 12.— Concluded.
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